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METHOD OF TREATING MALIGNANCIES 

Field of the Invention 

The invention relates generally to the treatment of cancers, and more 
particularly, to the treatment of drug-resistant cancers. 

5 Background of the Invention 

The use of adoptive transfer therapy in combination with 
chemotherapy to treat neoplastic disease forms the basis for adoptive chemo- 
immunotherapy. In murine models, adoptive transfer of T cells in conjunction with 
administration of some chemotherapeutic agents has successfijlly treated significant 
10 numbers of tumor-bearing hosts [P. Greenberg et al, J. Exp. Med. . 161:1 122-1 134 

(1985); M. Bookman et al, J. Immunol. . 139:3166-3170 (1987); and F. Fornelle et al, 
Int. J. Cancer , 42:952-957 (1988)]. Results from the few clinical trials conducted so 
far have demonstrated that TIL/IL-2 therapy together with adriamycin, mitomycin or 
cyclophosphamide treatment represents a promising therapeutic approach in patients 
15 with metastatic or primary liver tumors and melanoma [A. Kawata et al, Am. J. Clin. 
Oncol. , 18:257-262 (1995); S. Rosenberg et al, N. Engl. J. Med. , 319:1676-1680 
(1988); and J. Gold et al, Eur. J. Cancer . 31A:698-708 (1995)]. The mechanisms 
underlying the improved antitumor effects obtained with the combined regimens have 
not been fully elucidated. However, the immunomodulatory activity displayed by 
20 some chemotherapeutic agents seems to play a critical role in determining the 

superiority of chemo-immunotherapy versus single agent treatment [M. Awwad et al. 
Immunology . 65:87-92 (1988) and R. North, J. Exp. Med.. 155:1063-1074 (1982)]. 
Despite these clinical results, the toxicity involved with LAK or TIL/IL-2 therapy [K. 
Margolin et al, J. Clin. Oncol. . 7:486 (1989)] and the scarcity of tumor specimen for 
25 preparation and expansion of TIL [S. Topalian et al, J. Immunol. Meth. . 102 : 127-141 
(1987)] are important limiting factors for the use of cell therapy in conjunction with 
other approaches. 

A new adoptive transfer strategy to cancer that might overcome the 
limitations of LAK and TIL therapy because it does not require the concomitant 
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administration of exogenous, toxic cytokines, such as JL~2, for efficacy have been 
developed. This approach is based on the use of a lethally irradiated human T cell line 
(TALL-104), (CD3/TCRap'CD8XD16-) [A. Cesano et al. In Vitro Cell Dev. Biol. . 
28A:648 (1992); A. Cesano et al, J. Immunol. 151:2943-2957 (1993); and A. Cesano 
5 et al, Cancer Immunol. Immunoth. , 40:139 (1995)], which is endowed with MHC 
non-restricted killer activity against a broad range of tumors across several species, 
while sparing cells from normal tissues. Studies in immunodeficient and 
immunocompetent murine models with transplantable tumors and in canines with 
spontaneously arising cancers, suggest the potential of this cell line as an anti-tumor 

10 agent in a clinical setting [A. Cesano et al, J. Clin. Invest. . 94: 1076 (1994); A. Cesano 
et al, Cancer Res. . 55:96 (1995); A. Cesano et al, Cancer Res. , 56:3021 (1996); and 
A. Cesano et al, Cancer Res. . 56:4444-4452 (1996)]. 

However, despite the progress made in recent years in the management 
of various forms of hematological and non-hematological malignancies (i.e., solid 

15 tumors), it has become clear that single therapeutic approaches, such as surgery, 
chemotherapy, radiation therapy, and biological therapies are often not effective in 
eradicating or drastically reducing tumor burden. Optimal therapy for refractory 
tumors requires multiple combination approaches. 

There exists a need in the field for methods of treating cancers which 

20 are resistant to single forms of treatment, and particulariy, which are resistant to 

chemotherapy. In addition, methods of reducing the toxicity of otherwise effective 
anti-cancer chemotherapeutic regimens are needed. 

Summary of the Invention 

The invention provides methods of treating a tumor in a mammal and 
2 5 for reducing the toxicity of a chemotherapeutic agent to a mammal. 

In one aspect, the invention provides a method of treating cancer in a 
mammal. The method involves co-administering to the mammal a course of therapy 
with a chemotherapeutic agent and a course of therapy with cells (preferably cytokine- 
stimulated or cytokine-activated cells) characterized by non-MHC restricted cytotoxic 
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activity. Surprising, the inventors have found that this co-administration has a anti- 
tumor efifect which exceeds the additive anti-tumor effects of chemotherapy and cell 
therapy alone. 

In another aspect, the invention provides a method of treating a drug- 
5 resistant cancer, and particularly, a drug-resistant tumor in a mammal. The method 
involves co-administering to the mammal a course of therapy with a chemotherapeutic 
agent and a course of therapy with cells (cytokine-stimulated) characterized by non- 
MHC restricted cytotoxic activity. Desirably, the cell line is administered during the 
course of treatment with the chemotherapeutic agent. 

10 In still another aspect, the invention provides a method of reducing the 

toxicity of a chemotherapeutic agent to a mammal. The method involves co- 
administering to the mammal a course of therapy with a chemotherapeutic agent and a 
course of therapy with cytokine stimulated cells characterized by non-MHC restricted 
cytotoxic activity. Advantageously, the combined effect of the cell line and the 

15 chemotherapeutic agent permits a lower dose of chemotherapeutic agent to be 
effective than is required in the absence of the cell line. 

Other aspects and advantages of the present invention are described 
further in the following detailed description of the preferred embodiments thereof 

Brief Description of the Drawings 
2 0 Fig- 1 A illustrates the cytotoxic and cytostatic activities of y-irradiated 

TALL-104 cells against MGC #1 tumor cells in 18-hour ^*Cr-release and 18-hour 
^HTdR uptake inhibition assays, respectively. SD values <2.0 are not shown. 

Fig. IB illustrates effects of different chemotherapeutic drugs (at 
various doses) on the in vitro growth of MGC #1 tumor cells. Results of one 
2 5 representative experiment out of three performed are shown. 

Fig. 2 is a growth curve of human MGC #1 tumor grafts in SCED mice 
receiving i,p. injections of PBS, adriamycin and/or TALL-104 cells. 
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Detailed Description of the Invention 

The present invention provides methods and compositions for the 
treatment of soli4 -tumors. Surprisingly, the inventors have found that, in certain 
embodiments, the co-administration of chemotherapy and cell therapy, as described in 
5:. ..-''detail below, provides a synergistic effect, i.e., an anti-cancer effect which exceed the 
additive anti-cancer effects of the chemotherapy or cell therapy alone, or their additive 
effects. In other embodiments, this co-administration provides anti-cancer effects 
which exceed administration of the chemotherapy or cell therapy alone. Further, the 
method of the invention is useful in overcoming resistance of a cancer to single 

10 therapeutic agents through mechanisms independent from the host immune system. 
Yet another advantage of the present invention is that it permits a lower dose of 
chemotherapeutic agent to be used where desired, e.g., to reduce undesirable side 
effects associated therewith. 

According to the invention, a course of chemotherapy with a 

15 chemotherapeutic agent is administered in conjunction with cell therapy to a human or 
veterinary patient. Each of these therapies is discussed in more detail below. The 
method of the invention provides for concurrent administration, sequential 
administration, or combined administration. These means of administration are 
termed herein, co-administration. 

20 The methods of the invention may be combined with other therapies 

useful in the treatment of cancer. It is also anticipated that this treatment may be 
administered to a mammal which is already immunosuppressed due to disease. The 
evaluation of the immune status of the human or veterinary patient may be readily 
determined by one of skill in the art. 

25 Chemotherapy 

Chemotherapeutic agents are well known to those of skill in the art. 
Examples of such chemotherapeutics include alkylating agents, antibiotics, 
antimetabolitic agents, plant-derived agents, and hormones. Among the suitable 
alkylating agents are nitrogen mustards, such as cyclophosphamide, aziridines, alkyl 
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alkone sulfonates, nitrosoureas, nonclassic alkylating agents, such as dacarbazine, and 
platinum compounds, such as carboplatinum and cisplatinum. Among the suitable 
antibiotic agents are dactinomycin, bleomycin, mitomycin C, plicamycin, and the 
anthracyclines, such as doxorubicin (also known as adriamycin) and mitoxantrone. 
5 Among the suitable antimetabolic agents are antifols, such as methotrexate, purine 
analogues, pyrimidine analogues, such as 5-fluorouracil (5-FU) and cytarabine, 
enzymes, such as the asparaginases, and synthetic agents, such as hydroxyurea. 
Among the suitable plant-derived agents are vinca alkaloids, such as vincristine and 
vinblastine, taxanes, epipodophyllotoxins, such as etoposide, and camptothecan. 

10 Among suitable hormones are steroids. Currently, the preferred drug is adriamycin or 
cisplatinum. However, other suitable chemotherapeutic agents, including additional 
agents within the groups of agents identified above, may be readily determined by one 
of skill in the art depending upon the type of solid tumor being treated, the condition 
of the human or veterinary patient, and the like. 

15 Suitable dosages for the selected chemotherapeutic agent are known to 

those of skill in the art. For example, where the agent is adriamycin, suitable dosage 
may include 30 mg/m^, administered intravenously, twice at 1 week intervals. 
However, one of skill in the art can readily adjust the route of administration, the 
number of doses received, the timing of the doses, and the dosage amount, as needed. 

20 Further, because co-administration of chemotherapy with the cell line according to the 
method of the invention provides enhanced results, one of skill in the art may find it 
desirable to reduce the dose of chemotherapeutic agent administered to reduce any 
toxic side effects associated therewith. 

Bearing in mind the above considerations, generally, a suitable dose for 

25 a given chemotherapeutic agent when administered according to the method of the . 
invention, is between 0.01 ng/mL to about 1 mg/mL, and more preferably, between 
0.01 ng/mL to about 1 ^ig/mL. Such a dose, which may be readily adjusted 
depending upon the particular drug or agent selected, may be administered by any 
suitable route, including, e.g., intravenously, intradermally, by direct site injection, 

3 0 intraperitoneally, intranasally, or the like. Doses may be repeated as needed. 
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Cell Therapy 

According to the invention, cell therapy involves administration of cells 
to a human or veterinary patient. The cells useflil in the method of the invention have 
non-MHC restricted killer activity against a broad range of tumors across several 
5 species, while sparing cells from normal tissues. Desirably, these cells are derived 

from a stable cell line and are stimulated by one or a combination of T-cell stimulatory 
cytokines. 

Examples of suitable cell lines include, e.g., TALL-104, TALL-103/2, 
TALL-107, YT, and natural killer cell lines, such as NK-92. However, one of skill in 

10 the art could readily select other appropriate cell lines which are characterized by non- 
MHC restricted killer activity as described above. Such cell lines are available from 
the American Type Culture Collection (ATCC), 10801 University Boulevard, 
Manassas, Virginia 201 10-2209, as well as from a variety of academic and commercial 
sources. For example, the TALL-104 cell line is available from the ATCC under 

15 accession number CRL 1 1386. The TALL-103/2 and TALL-107 cell lines are being 
maintained in the laboratories at The Wistar Institute of Anatomy and Biology, 
Philadelphia, Pennsylvania. Sources of other cell lines useful in the invention can be 
readily determined by one of skill in the art. 

Desirably, prior to use in the methods of the invention, cells obtained 

20 from one or more of the selected cell lines would be treated in a manner which 

irreversibly arrests cell proliferation, but does not interfere with the cytotoxic activity 
of the cells. Currently, a preferred treatment method involves irradiation, and 
particularly y-irradiation. Although y-irradiation is used as an example, it is 
anticipated that other methods could be used to stop the growth of the cells, such as 

25 treatment with chemical agents that affect DNA synthesis, such as mitomycin C. One 
of skill in the art can readily select appropriate methods for arresting growth. 

Currently, the preferred cells are derived from a TALL-104 cell line, 
which cells have been stimulated by one or a combination of T-cell stimulatory 
cytokines. TALL-104 cells may be modified in such a way as to provide them with an 
30 increased cytotoxicity against tumor and virus-infected targets. Such modification 
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methods have been described in detail in WO 94/26284, published November 24, 
1994, which is incorporated by reference herein. For example, one modification step 
includes in vitro treatment of the TALL- 104 cells with a selected cytokine or 
combination of T-cell stimulatory cytokines. For example, the two interleukins, 
5 recombinant human (rh) interleukin (DL) IL-2 and rhIL-12, when used independently 
to treat the cell line, induce the cell line's cytotoxic activity. When these cytokines are 
used together to modify the cell line, the modified cell line displays additive or 
increased cytotoxic effects. This results in a significant increase in cytotoxic activity 
and recycling capability, ultimately leading to 100% elimination of tumor targets at an 
10 E:T ratio <0.1:1 [Cesano et al, J. ImmunoL 151:2943 (1993)]. 

Another optional modification step of this invention involves the 
exposure of the TALL- 104 cell line to lethal irradiation to confer irreversible loss of 
growth capability with full retention of cytotoxic activity, both in vitro and in vivo. 
This is achieved by subjecting the cell lines to y-irradiation just prior to their use. 
15 Preferably, the cells are irradiated at 4000 rads using a *"Cs source. 

Irradiation of TALL-104 cells provides a modified cytotoxic cell line 
that has lost its proliferative ability and, therefore, the possibility of growing in an 
unrestrained fashion in the recipient organism. In fact, unlike their non-irradiated 
counterparts, modified y-irradiated TALL-104 cells of this invention transplanted into 
2 0 SCID mice do not cause leukemia. 

Preferably, modified TALL-104 cells are prepared as follows. TALL- 
104 cells (ATCC CRL 1 1386) are exponentially grown in tissue culture in the 
presence of recombinant human (rh) IL-2. If desired, EL- 12 can be added for about 
18 hrs to enhance the killing activity of the cell line. The cytokine-treated TALL-104 
25 cells are then optionally y-irradiated, preferably at about 4,000 rads. The irradiation 
may be continued for a selected time, such as about 30 minutes. 

Desirably, about 10* to about 10*^, and preferably about W\ of the 
cells selected for use in the invention are suspended in a pharmaceutically acceptable 
carrier and administered daily for the desired length of time by an appropriate route. 
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One particularly desirable carriers is saline. However, other suitable carriers are well 
known to those of skill in the art and may be readily selected. 

As discussed above, cell therapy may be concurrent with 
chemotherapy, start shortly after the end of the chemotherapeutic regimen, or be 
5 combined into a single therapeutic regimen. Alternatively, and currently less 

desirable, is administration of cell therapy preceding chemotherapy. Currently, the 
preferred embodiment involves administration of the cell therapy during the course of 
chemotherapy, and particularly, following saturation of the target tissue (i.e., the 
tumor) with the chemotherapeutic agent. Thus, the cell therapy is desirably 
10 administered one to about four days following administration of the chemotherapeutic 
agent. Administration of cell therapy is repeated as needed. 

As one example, cells (e.g., about 2x10^ cytokine-stimulated TALL- 
104 cells) may be administered daily for 2 weeks, concurrently with chemotherapy. 
Alternatively, the cells may be administered starting shortly after the end of 
15 chemotherapy. In yet another alternative, the cell therapy may be administered at 

different doses, different intervals (rather than daily) or for a shorter or longer period 
of time. 

Cell therapy may be administered by injection, e.g., intravenously, or 
by any of the means discussed above in connection with chemotherapy. Neither the 

2 0 time nor the mode of administration is a limitation on the present invention. As with 
chemotherapy, cell therapy regimens may be readily adjusted taking into account such 
factors as the cytotoxicity of the selected cell line, the type of solid tumor being 
treated, the stage of the disease and the condition of the patient, among other 
considerations known to those of skill in the art. 

25 In a currently preferred embodiment, the method of the invention 

involves co-administration of cytokine-stimulated TALL- 104 cells and adriamycin or 
cisplatinum. As illustrated in the examples below, although these treatments alone did 
not inhibit tumor growth, synergistic antitumor effects were seen following the 
condition of the veterinary or human patient. 
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Pharmaceutical Compositions 

As an alternative to the separate administration of chemotherapy and 
cell therapy as described above, the compositions of the invention 
facilitate a combined chemotherapy-cell therapy approach. 

In another aspect, the present invention provides pharmaceutical 
compositions which contain a desired chemotherapeutic agent or agents and a desired 
cell, as described herein. These compositions may fiirther contain a pharmaceutically 
acceptable carrier. Suitable carriers include, e.g., saline, phosphate buffered saline, 
and saline with 5% HSA or PPF. Other suitable carriers are well known to those of 
skill in the art and are not a limitation on the present invention. Similarly, one of skill 
in the art may readily select other desired components for inclusion in a 
pharmaceutical composition of the invention, and such components are not a 
limitation of the present invention. A currently preferred composition of the invention 
contains adriamycin or cisplatinum and modified TALL- 104 cells, as defined herein. 

The compositions of the invention may be administered by the routes 
and according to the regimens described above for chemotherapy and/or cell therapy. 
Alternatively, other suitable routes and regimens may be readily determined by one of 
skill in the art. 

The examples below demonstrate that the combination of 
chemotherapy (adriamycin) and adoptive inmiunotherapy with the MHC-unrestricted 
cytotoxic T cell line TALL- 104 was effective in overcoming the total resistance to the 
single forms of treatment of a human gastric tumor-engrafted SCID mice (MGC #1). 
Although adriamycin and cytokine-stimulated TALL- 104 cells displayed strong 
cytostatic effects against these tumor cells in vitro, the in vivo experiments indicated 
that neither agent alone had significant antitumor effects in the SCID mouse model. 
The lack of in vivo activity might be merely due to the experimental conditions used, 
such as the time elapsed between tumor implantation and initiation of treatment, or 
the schedule and route of administration of adriamycin and TALL-104 cells. These 
conditions might have negatively affected the number of effector cells that migrated 
to, and persisted at, tumor site as well as the absorption of adriamycin, resulting in 
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low seric levels of this drug. When chemotherapy and cell therapy were used in 
combination (at the same doses, schedule and route of administration), a dramatic 
antitumor effect against MGC #1 tumor grafts was observed: specifically, 1/3 of the 
animals had a lasting complete response (necrosis and fall out of the tumor masses) 
5 and 2/3 of them experienced a clinical response that, although partial and transient, 
was significant when compared with the total lack of antitumor effects displayed, in 
the same experiment, by the single treatments. Despite the relatively low number of 
mice used in the combined therapy experiment (n=6), these results are considered 
highly significant because spontaneous necrosis and regression of the subcutaneous 

10 tumors have never been observed and, on the other hand, a high reproducibility of 
tumor growth in a large number of implanted mice has been observed. Moreover, in 
the combined therapy group, the standard deviations of the average tumor volumes at 
the different time points were always very low (Fig. 2). 

Several conclusions can be drawn from the antitumor effects of the 

15 chemo-immunotherapy protocol of the invention. Studies in immunocompetent mice 
bearing syngeneic tumors have shown that the combination of adoptively transferred T 
cells and some chemotherapeutic agents (in particular, cyclophosphamide) could 
successfully treat significant numbers of animals and tumor regression was primarily 
T-cell mediated [P. Greenberg et al, J. Exp. Med. . 161:1122-1 134 (1985); M. 

2 0 Bookman et al, J. Immunol. . 139:3 1 66-3 170 (1987); and F. Fomelle et al. Int. J 

Cancer, 42:952-957 (1988)]. In support of these data, other studies have shown that, 
in addition to direct tumor cytotoxicity, some chemotherapeutic drugs can modulate 
host immune responsiveness [M. Awwad et al. Immunology , 65:87-92 (1988) and R. 
North, J. Exp. Med.. 155:1063-1074 (1982)]. Because SCID mice, used as murine 

25 model in this study, are virtually devoid of functional T and B cells [G. Bosma et al. 
Nature , 301:527 (1983)], the antitumoral effects observed during and after chemo- 
immunotherapy are independent from the host's immune response and, therefore, 
different firom the ones reported above [P. Greenberg et al, J. Exp. Med. . 161 ; 1 122- 
1134 (1985); M. Bookman et al, J. Immunol. . 139:3166-3170 (1987); and F. Fomelle 

30 et al. Int. J. Cancer . 42:952-957 (1988)]. In this respect, the use in this study of an 
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immunocompromised animal to explore the antitumor effects of adriamycin-TALL- 
104 cell therapy excludes the role played by the host immune system in response to 
the combined chemo-immunotherapeutic approach. On the other hand, given that the 
majority of human neoplasms are non-immunogenic and, therefore, incapable of 
5 eliciting a significant T cell response in the autochthonous host, the SCID mouse 
model bearing a human tumor represents a very useful and relevant experimental 
system for testing the direct tumoricidal action of new therapeutic modalities. 

In vitro experiments indicated an additive anti-proiiferative effect of 
low doses of adriamycin and TALL- 104 cells against MGC #1 tumor cells. This 

10 finding is believed to translate in improved antitumor effects in an in vivo scenario in 
which sub-optimal concentrations of effector cells and/or drugs are likely to be 
present at tumor's site at different times during the treatment. In this regard, 
trafficking experiments using '*Cr-labeIed, cytokine-stimulated TALL- 104 cells in 
SCID mice bearing MGC #1 tumors indicated that only few of the i.p. transferred 

15 effectors accumulated in tumor tissues (-4% of the total number of administered cells 
per gram of tumor tissue). Because effector cell infiltration within the tumor mass is a 
key feature for successful adoptive therapy, the synergistic antitumor effects of 
adriamycin and TALL- 104 cells might, at least in part, be the consequence of an 
increased TALL- 104 cell accumulation at tumor site. This hypothesis is supported by 

20 the results of Kawata et al, Mol. Biother. . 2:221-227 (1990), showing a two-fold 
accumulation of LAK cells into murine tumors after adriamycin injection, possibly 
consequent to a drug-induced increase in tumor vascularization which, in turn, would 
favor lymphocytic infiltration. The possibility, suggested in other systems [J. Gold et 
al, J. Surg. Oncol. . 58:212-221 (1995)], that adriamycin (administered before the 

2 5 cytotoxic cells) induced surface changes on the tumor thereby increasing its sensitivity 
to TALL- 104 cell lysis, appears unlikely because in vitro pre-treatment of MGC #1 
tumor cells with different doses of adriamycin did not have such an effect (not 
shown). 
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These examples illustrate the preferred methods of the invention. 
More particularly, the following examples demonstrate experiments which tested the 
combined effects of chemotherapy (adriamycin) with TALL- 104 cells in SCID mice 
engrafted with a human tumor sample which is totally resistant to the single forms of 
5 treatment. These examples are illustrative only and do not limit the scope of the 
invention. 

Example 1 - Preparation of Cells 

The TALL- 104 cell line was maintained at 37° C in a humidified 10% 
CO2 incubator in IMDM (Gibco-BRL, Grand Island, NY) supplemented with 10% 
10 FBS (Sigma Chemical Co., St. Louis, MO) and 100 U/ml of recombinant human (rh) 
IL-2 (Chiron, Emeryville, CA). The cell line was repeatedly monitored for 
mycoplasma contamination using a commercial PCR kit (ATCC, Manassas, VA). 
TALL- 104 cells were optionally y-irradiated (4000 rads) prior to use in vitro and in 
adoptive therapy. 

15 Example 2 - Implantation of Tumor 

Frozen tumor fragments were minced through metal grids and 
centrifuged on AccuPrep"^" lymphocyte gradients (Accurate Chemical, Westbury, NJ) 
to remove dead cells and erythrocytes. The gastric tumor cells recovered at the 
interface were resuspended in complete medium and incubated at 37°C in a 

2 0 humidified atmosphere at 5% CO2. 

Five- to 6-week-old CB-17 SCID mice (Charles River Laboratories, 
Wilmington, MA) were housed in a pathogen-free environment in The Wistar Institute 
Animal Facility. Mice were engrafted subcutaneously (sx.) with metastatic pleural 
effusions (0.3 x 0.3 cm fragments) derived from a patient with gastric carcinoma 

25 (MGC#1). 

Upon implantation, the biopsy sample grew as a local tumor mass that 
was subsequently harvested, cut, and serially passaged in other SCED mice. A portion 
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of the tumors was frozen in IMDM containing 40% FBS and 10% DMSO (Sigma). 
Despite the highly metastatic behavior of this tumor in the original patient, the 
engrafted tumor fragments did not display metastatic properties in the mouse. 

Example 3 - In Vitro Susceptibility of MGC #1 Cells to the Cvtotoxic/Cvtostatic 
5 Effects of TALL-104 Cells and Adriamvcin 

A. Cytotoxicity Assays 

The TALL-104 cells were incubated at four different 
concentrations with a fixed number (lOVwell) of ^^Cr-labeled MGC #1 cells for 18 
hours. Percent specific **Cr release was calculated from the mean of three replicates 
10 [A. Cesano et al. Cancer Res. . 56:3021 (1996)]. 

B. Cytokine Production 

The TALL-104 cells (2xlOVml) were incubated overnight at 
37°C with MGC #1 cells at an E:T ratio of 10: 1 . Cell-free conditioned medium was 
harvested, filtered and tested for the presence of IFN-y, TNF-a, TNF-p, and GM-CSF 
15 using commercial ELISA kits (Endogen, R&D, Boston, MA) as described [A. Cesano 
et al, Cancer Res. . 56:3021 (1996)]. MGC #1 cell cultures incubated alone for 10 
days were also tested for cytokine production. 

C. . Proliferation Assays 

The cytostatic effects of the TALL-104 cells (at four different 
20 concentrations) on MGC #1 cells (lOVwell) were tested in 18-h ^HTdR incorporation 
assays, as described [A. Cesano et al, Cancer Res. . 56:4444-4452 (1996)]. In 
experiments measuring the effects of adriamycin (Pharmacia, Piscataway, NJ), MGC 
#1 cells (lOVwell) were cultured for 48 hours in the presence and absence of this drug 
at concentrations from 0.01 to 100 ^g/ml before being pulsed with ^H-TdR. 
25 D. Results 

Gastric cancer cells recovered from the patient's biopsy 
specimen were totally resistant to lysis by irradiated TALL-104 cells, as measured in 
an 18-hour '^Cr-release assay, but were highly sensitive to their cytostatic activity 
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(Fig- 1 A). Incubation of irradiated TALL- 104 cells with MGC #1 cells also resulted 
in the production of significant levels of IFN-y, TNF-a, TNF-P, and GM-CSF (not 
shown). Among all the chemotherapeutic drugs tested for anti-proliferative activity 
against MGC #1 cells in vitro, adriamycin was the most potent, being able to inhibit 
5 proliferation of the tumor cells by 75% and 100% at the doses of 0.1 and 1 pg/ml, 
respectively (Fig. IB). 

Example 4 - Effect of Chemotherapeutic Drugs on TALL- 104 Cell Functions 

The effect of a variety of chemotherapeutic agents on TALL- 104 cells 
was studied. Cytotoxicity, lymphokine production, and proliferation were assayed as 
10 described in Example 3 above using 0.01 to 100 jig/mL of the drugs listed in Table 1 
below. 

As can be seen from results provided in Table 1 below, dacarbazin (a 
nonclassic alkylating agent) did not affect cytotoxicity or lymphokine production. 
Adriamycin (an antibiotic), steroids (hormones), and cis-platinum (an alkylating agent) 
15 had no affect on cytotoxicity and only marginally affected lymphokine production at 
therapeutic levels. 
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15 
Table 1 



Drug 


Cytotoxicity 


Lymphokine 
Production 


Proliferation 


Steroids 


none 


only marginally 
affected at 
therapeutic levels 


decrease (dose 
dependent) 


Carbo-platinum 


decrease (at 
>100 ng/ml) 


only marginally 
affected at 
therapeutic levels 


decrease (dose 
dependent) 


Adriamycin 


none 


only marginally 
affected at 
therapeutic levels 


decrease (dose 
dependent) 


Cis-platinum 


none 


only marginally 
affected at 
therapeutic levels 


decrease (dose 
dependent) 


Dacarbazin 


none 


none 


decrease (dose 
dependent) 


Vincristine 


decrease (dose 
dependent) 


decrease (dose 
dependent) 


decrease (dose 
dependent) 


Methotrexate 


none 


decrease (dose 
dependent) 


decrease (dose 
dependent) 


5-FU 


none 


decrease (dose 
dependent) 


decrease at > 100 


Cytoxan (as 4-Hc) 


decrease (dose 
dependent) 


decrease (dose 
dependent) 


decrease (dose 
dependent) 


Azathioprine 


none 


none 


decrease at > 100 
^ig/ml 
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Example 5 - Antitumor Effects of TALL- 104 Cells in SCID Mice 
A. Treatment Protocols 

All treatments were initiated 3 weeks after implantation of the 
tumor fragments (except when specified otherwise), when a significant macroscopic 
5 growth of the tumors was appreciable. Each treatment group consisted of 4-6 mice. 
In the first experiment, cytokine stimulated, optionally 7-irradiated, TALL- 1 04 cells 
(2xlOVmouse in 500 ^1 PBS) or PBS alone were administered i.p. daily for 2 weeks; 
in a second experiment, 10' cells/mouse in 100 \i\ PBS or PBS alone were injected 
intralesionally on alternate days, for a total of six injections. In a third experiment, 
10 mice underwent surgical removal of the primary tumor mass followed by i.p. injection 
of either irradiated TALL-104 cells (2xlOVmouse) or PBS alone, daily for 2 weeks. 

Differences between treatment groups were tested for 
significance by the Student's /-test for unpaired data. P<0.05 was considered 
significant. 
15 B. Results 

In the first set of experiments, the TALL-104 cells were 
injected i.p. every day for 2 weeks in SCID mice engrafted 3 weeks earlier with MGC 
#1 tumor fragments. Four weeks after completion of therapy, all controls (PBS 
injected) and experimental mice were sacrificed. No significant difference in weight 
2 0 between the tumors of the treated mice and that of the control mice was detected 
(Table 2). 

In the second set of experiments, mice bearing MGC #1 grafts 
were injected intralesionally with the TALL-104 cells (or PBS) on ahemate days for a 
total of 6 injections. All mice were sacrificed 1 month after the last injection and the 
2 5 tumor masses removed and weighed. Also in this setting, no significant difference in 
weight between the tumors of the treated mice and that of the controls was detected 
(Table 2). 

The antitumor efficacy of TALL-104 cells was then evaluated 
after surgical removal of the primary tumors to create a clinical setting similar to that 
30 of minimal residual disease in cancer patients. Mice bearing 3 -week-old MGC #1 
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grafts, which appeared highly mobile and non-adherent to the skin nor to the 
abdominal wall, underwent surgical excision of the tumor followed by TALL- 104 cell 
therapy (or PBS injections), according to the protocol used in the first experiment. At 
surgery, the tumors weighed 0.781+0. 1 12 g. One month after the last cell injection, 
5 all mice were sacrificed and necropsied. As shown in Table 2, TALL- 104 cell 
treatment did not have a significant inhibitory effect on the local regrowth of the 
tumor cells in the mice; these in vivo data are in contrast with the observed anti- 
proliferative effects displayed by TALL- 104 cells against MGC #1 cells in vitro (Fig. 
lA). 



10 Table 2 

Effects of Single Treatment with Either TALL- 104 Cells or Adriamycin on the Local 
Growth of MGC #1 Tumor Grafts 



Experiment 


No. of 
Mice 


Treatment* 
(2 wks duration) 


Route and 
Schedule of 
administration 


Tumor weight*" 
(SD)^ 


1 


6 


PBS 


i.p.** daily 


0.957 (0.208)^ 


1 


6 


TALL-104 


i.p. daily 


0.888 (0.606) 


2 


6 


PBS 


i.t. alternate days 


1.227 (0.137) 


2 


6 


TALL-104 


i.t. alternate days 


1.298 (0.372) 


3 


4 


surgery + PBS 


i.p. daily 


0.752 (0.166) 


3 


4 


surgery + TALL- 
104 


i.p. daily 


0.748 (0.279) 


4 


6 


PBS 


i.p. weekly 


0.99 (0.165) 


4 


6 


Adriamycin 


i.p. weekly 


1.119(0.234) 



' TALL-104 cells were y-irradiated (40 Gy) prior each injection. 
** Grams. 

^ Standard deviation. 
25 i.p. = intraperitoneal; i.t. = intratumoral. 
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Example 6 - Chemotherapy 

Based on the in vitro observation that MGC #1 tumor cells were highly 
sensitive to the cytotoxic effects of adriamycin (Fig. IB), this drug was chosen for the 
in vivo study. Two groups of mice bearing MGC Ml tumor grafts (n=6) were treated 
5 with two i.p. injections of adriamycin (30 mg/m^ at 1 week interval) or PBS. Autopsy 
performed 1 month after the last injection failed to reveal significant differences in 
tumor weights between controls and adriamycin-treated mice (Table 2). 

Example 7 - Chemo-immunotherapy 

In the attempt to overcome the high resistance shown by MGC #1 

10 tumor grafts to treatment with either chemotherapy or adoptive therapy, a combined 
regimen based on sequential administration of two cycles of adriamycin followed by 
TALL- 104 cells was tested for therapeutic efficacy in SCID mice (n=6) bearing MGC 
#1 tumor grafts. In the last experiment, mice received two i.p. doses of adriamycin 
(day 1 and 7) and the cytokine stimulated, optionally y-irradiated, TALL- 1 04 cells 

15 (2xl07mouse) from day 2 to 6 and from day 8 to 14. Control groups (n=4) received 
PBS, adriamycin or TALL- 104 cells alone. Tumor masses were measured (using a 
millimeter vernier caliper) before therapy and then, at weekly intervals, for the entire 5 
week follow-up period. Results of this experiment are summarized in Fig. 2. After 
the first week of treatments, no statistically significant differences were found between 

2 0 the average tumor sizes in the different groups of mice. Noteworthy, however, two 
mice that had received combined therapy presented a macroscopically noticeable 
tumor necrosis at the end of the first week of treatment; necrosis progressed until the 
tumor mass fell out in both mice, leaving behind a necrotic scar during the second 
week of follow-up. For this reason, the values relative to tumor measurement in these 

25 two mice do not show in Fig. 2 and could not be included in any statistical calculation 
made after the second follow-up week. At the end of the second week of treatment, 
the tumors of the four remaining adriamycin/TALL-104 cell-treated animals were 
significantly smaller as compared to those present on PBS- or adriamycin-treated mice 
(p<0.05 and p<0.002, respectively). By contrast, no statistically significant difference 
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was observed, at this time point, between adriamycin/TALL-104 cell-treated mice and 
the group of mice that had received TALL- 104 cells alone. In fact, in both groups, a 
discrete shrinkage (36% and 20%, respectively) in tumor size was noted. Tumor 
reduction was already detectable (but not statistically significant) at the end of week 1. 
5 Starting from the end of week 3 (1 week after all treatments had been halted), while 
the tumors shrinkage stabilized in the group of mice that had received the combined 
therapy (-36%). tumor growth progressed in all other groups of mice, including the 
one that received TALL- 104 cells alone. As a result, the difference in tumor volume 
between adriamycin/TALL-104 cell-treated animals and the ones receiving either 
10 PBS, adriamycin or TALL-104 cells alone was statistically significant (p<0.02, 

p<0.001 and p<0.05 respectively). Similar results were observed at the end of the 
fourth week. By the end of the fifth week, the tumor volume in the mice treated with 
TALL-104 cells alone increased to the point that it became very close to the one seen 
in PBS or adriamycin-treated mice. These data showed that, although TALL-104 
15 cells by themselves did have antitumor activity against MGC #1 tumor growth during 
the first 2 weeks of treatment, these effects were transient and the tumors quickly 
progressed as soon as the cell injections were halted. The three control groups were 
sacrificed at the end of week 5 because of high tumor burden (around 3 times the 
volume of the tumor seen in mice treated with the combined regimen). Mice treated 
2 0 with adriamycin/T ALL- 1 04 cells were followed up for 4 more weeks: during this time 
the tumors slowly but progressively grew reaching, at the end of week 9, the size of 
the tumors displayed by the group of mice treated with TALL-104 cells alone at week 
5. The experiment was ended at this point. 

Numerous modifications and variations of the present invention are 
25 included in the above-identified specification and are expected to be obvious to one of 
skill in the art. Such modifications and alterations to the compositions and processes 
of the present invention are believed to be encompassed in the scope of the claims 
appended hereto. 
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WHAT IS CLAIMED IS: 

1 . Use of a cytokine-stimulated cell of a stable cell line 
characterized by non-MHC restricted cytotoxic activity in the preparation of a 
medicament for treating cancer in a mammal, wherein said treatment comprises the 
step of: 

co-administering to the mammal a course of therapy with a 
chemotherapeutic agent and a course of therapy with said cells, 

whereby said co-administration has an anti-cancer effect which 
exceeds the additive anti-cancer effect of said chemotherapy and said cell therapy. 

2. Use according to claim 1 , wherein the cell therapy is 
administered during the course of treatment with the chemotherapeutic agent. 

3. Use according to claim 1 , wherein the cell therapy is 
administered after the course of treatment with the chemotherapeutic agent. 

4. Use according to claim 1 wherein the chemotherapeutic agent 
is selected from the group consisting of alkylating agents, antibiotic agents, 
antimetabolitic agents, plant-derived agents, and hormones. 

5. Use according to claim 4, wherein the chemotherapeutic agent 

is adriamycin. 

6. Use according to claim 4, wherein the chemotherapeutic agent 

is cisplatinum. 



7. Use according claim 1, wherein the cells are derived from a 
stable cell line selected from the group consisting of TALL- 104, TALL- 103/2, TALL- 
107, YT, andNlC-92. 
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8. Use according to claim 1 wherein said cancer is a resistant 
tumor in a mammal. 



9. Use according to claim 1 wherein the combined effect of the 
cell therapy and the chemotherapeutic agent permits a lower dose of 
chemotherapeutic agent to be effective than is required in the absence of the cell 
therapy. 
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